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Abstract 
A parametric loudspeaker is known as a super-directivity loudspeaker. So far, the applications have been limited monaural 
reproduction sound system. We had discussed characteristics of stereo reproduction with two parametric loudspeakers. In this 
paper, the sound localization in the vertical direction using the parametric loudspeakers was confirmed. The direction of sound 
localization was able to be controlled. The results were similar as in using ordinary loudspeakers. However, by setting the 
parametric loudspeaker 5 degrees rightward, the direction of sound localization moved about 20 degrees rightward. The 
measured ILD (Interaural Level Difference) using a dummy head were analyzed.  
© 2015 The Authors. Published by Elsevier B.V. 
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1. Introduction 
A parametric loudspeaker utilizes nonlinearity of a medium and is known as a super-directivity loudspeaker. The 
parametric loudspeaker is one of the prominent applications of nonlinear ultrasonics [1]. So far, the applications 
have been limited monaural reproduction sound system for public address in museum, station and street etc.  
The sound localization in the horizontal direction in reproduction with parametric loudspeakers has been 
investigated. We had discussed characteristics of stereo reproduction with two parametric loudspeakers by 
comparing with those with two ordinary dynamic loudspeakers [2]. So far, we conducted a preliminary listening test 
in the vertical direction and confirmed that the sound localization was able to be controlled. Moreover, by utilizing 
the sharp directivity of the parametric loudspeaker, when the acoustical axis was set the right ear of a listener, the 
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direction of sound localization moved rightward far from the right ear [3]. It was reported that in using ordinary 
loudspeakers, the direction of sound localization in the vertical plane was able to be controlled [4]. 
In this paper, the level difference between the upper and lower parametric loudspeakers are focused on and varied 
as a parameter. The characteristics of the sound localization in the vertical direction are clarified in listening tests. 
Moreover, the direction of sound localization in the horizontal plane when the acoustical axis is set rightward is 
analyzed in details.  The reason of the interesting characteristics is explained by measuring ILD (Interaural Level 
Difference) with a dummy head. 
2. Listening test condition 
The listening test is conducted in an anechoic room. Four young males with normal hearing ability attend. The 
placement of the listener and the parametric loudspeakers is illustrated in Fig. 1. The parametric loudspeaker is 
shaped as an equilateral hexagon. The inner and outer diameters are 99 mm and 112 mm, respectively. Two 
loudspeakers are used as shown in Fig.1 (a). The interval between the upper and lower loudspeakers is 1.0 m. The 
distance between the loudspeaker and a listener is 1.50 m. The height of the listener’s pinna is 1.2 m and is just 
center of the both loudspeakers. 
In order to confirm the degree of movement of the sound localization in the horizontal direction, two settings are 
employed. One is the case that the acoustical axis was set to the right ear of a listener as shown in Fig.1 (b). The 
other is the case that the acoustic axis is set rightward 5-degrees far from the right ear as shown in Fig.1 (c). 
 
 
Fig. 1. Loudspeakers and listening positions. 
3. Test signal and procedures  
The test signal is pink noise. The ultrasonic wave is modulated by preprocessing the modulated signal. SSB 
(Single-sideband modulation) with the lower sideband is used in consideration of less distortion. The level 
differences of radiated signals between the upper and lower loudspeakers are -Ğ, -9, -6, -3, 0, 3, 6, 9 and Ğ dB. The 
direction of sound localization can be controlled from the lower loudspeaker to the upper loudspeaker. 
The listening tests are conducted in the following steps. 
1. Before a listening test, a listener listens to the three types of reproduced signal once respectively in order to 
experience the sound localization preliminarily. 
2. A listener listens to a set of test signal. A set consisted of 45 trials with randomly edited test signals, five 
times for each of type reproductions. The duration of test signal is 3 seconds. 
3. After a listener listens to a test signal, he points a position of sound localization on an estimate paper by a 
laser pointer. An angle of sound localization is calculated by the pointed position. 
Three sets are conducted per one listener.  
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4. Test results  
The obtained sound localization in the vertical direction is shown in Fig.2 (a). The horizontal axis is the level 
difference between the upper and lower loudspeakers. The vertical axis is the angle of sound localization. Symbols 
are the mean value and vertical lines indicate the degree of dispersion of data because positive and negative standard 
deviations are connected. The direction of sound localization in the vertical direction was able to be controlled not 
only when the acoustical axis was set to the right ear but also when it was set to rightward 5-degrees far from the 
right ear. There was a tendency which the standard deviations in the range from the lower loudspeaker to the front 
were a little larger. 
 
Fig. 2. Sound localization in the vertical and horizontal directions (Parametric loudspeakers) 
 
Fig. 3. Sound localization in the vertical and horizontal directions (Ordinary loudspeakers) 
The obtained sound localization in the horizontal direction is shown in Fig.2 (b). The horizontal axis is the level 
difference between the upper and lower loudspeakers. The vertical axis is the angle of sound localization. The front 
of the listener was 0 degree and the loudspeaker was set about three degrees rightward. By setting the parametric 
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loudspeaker the right ear, that is by setting it only 3 degrees rightward, the direction of sound localization moved 
about 10 degrees rightward. Moreover, by setting it 5 degrees rightward, the direction of sound localization moved 
about 20 degrees rightward. The results were obtained in spite of the level differences of the radiated signals 
between the upper and lower loudspeakers. To clarify the reason of the interesting characteristics, it is necessary to 
analyze ILD (Interaural Level Difference) using a dummy head. 
As reference, the listening test of the same scheme was conducted with two ordinary loudspeakers. The sound 
localization in the vertical direction is shown in Fig.3 (a).  The dependence of the level difference was weaker in 
sound reproduction with the parametric loudspeakers than in sound reproduction with the ordinary loudspeakers. It 
was similar that the direction of sound localization was able to be controlled by the level difference between the 
upper and lower loudspeakers. On the other hand, the sound localization in the horizontal direction is shown in Fig.3 
(b). The sound localization in setting the acoustical axis of the ordinary loudspeakers to the ear was slightly different 
from that in setting those to 5 degrees outside off. It was clear that the sound localization in the horizontal direction 
using the parametric loudspeakers was unique. 
5.  Measurement of ILDs of parametric loudspeaker with dummy head 
A listener is replaced by the dummy (B&K Type 4128C). Sound pressure levels of the right and left ears are 
measured in the anechoic room as shown in Fig.1. The ILDs are calculated from the measured sound pressure levels 
of the right and left ears. Test signals are 500, 1k, 2k and 4k Hz 1/3 oct. band noises. The ultrasonic wave is 
modulated by preprocessing the modulated signal. The level differences of radiated signals between the upper and 
lower loudspeakers are  -Ğ -9, -6, -3, 0, 3, 6, 9 and Ğ dB. The conditions are the same as those in the listening test. 
The obtained ILDs were similar in spite of the level differences of the radiated signals between the upper and 
lower loudspeakers when the frequency was the same. The obtained ILDs were larger than those of an ordinary 
loudspeaker [5], and different in the frequency of 1/3 oct. band. The difference of the ILDs between when the 
acoustical axis was set to the right ear of a listener and when the acoustic axis is set rightward 5-degrees far from the 
right ear were from 2 to 4 dB. In both axis conditions, there was a tendency for the ILDs to become large as the 
frequency increased. Because the lower frequency sound was easy to diffract, a cross talk level from the loudspeaker 
to the left ear became larger. Therefore the result that the ILD became smaller in the lower frequency was able to be 
explained. 
6. Conclusion 
The sound localization in the vertical direction using the parametric loudspeakers was confirmed .The direction 
of sound localization was able to be controlled not only when the acoustical axis was set to the right ear but also 
when it was set to rightward 5-degrees far from the right ear. The results were similar as in using ordinary 
loudspeakers. However, by setting the parametric loudspeaker the right ear, that is by setting it only 3 degrees 
rightward, the direction of sound localization moved about 10 degrees rightward. Moreover, by setting it 5 degrees 
rightward, the direction of sound localization moved about 20 degrees rightward. The measured ILD (Interaural 
Level Difference) using the dummy head were analyzed. The obtained ILDs of the parametric loudspeaker were 
larger than those of the ordinary loudspeaker and different in the frequency of 1/3 oct. band. The reason of the 
interesting characteristics of sound localization with the parametric loudspeaker was clarified. 
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